The bacteriophage was discovered by F. W. Twort in 1915. Studies of the sources, host range, growth requirements, and host phage relationships were reported (10) . Phages could normally be isolated from soil, feces, and carrier bacterial or lysogenic cultures. Vi phages were isolated from Salmonella typhi cultures (J. Craigie, J. Bacteriol., p. 56, 1936) . A host range study of the Vi phages with S. typhi strains as hosts was reported (4) . S. typhi were grouped on the basis of their susceptibility to the Vi phages. This was essentially the principle on which the phage typing scheme of S. typhi was based (3, 5, 6) . The phages used for typing S. typhi included primary isolates as well as adapted ones. Salmonella phages were isolated from carrier cultures and from sewage, and they were used with or without adaptation for typing salmonellae (7, 8, (11) (12) (13) . Salmonellae which possessed similar antigenic structure were susceptible to the same or to similar phages (12) (13) (14) .
It appeared that the phages used for typing salmonellae included primary isolates as well as phages which were adapted. The objective of this paper is to report the isolation purification, propagation, and host range study of phages which would ultimately be used as a battery of unadapted phages for typing more than one serotype of salmonellae.
MATERIALS AND METHODS
Bacterial cultures. S. typhimurium, S. typhimurium var Copenhagen, S. heidelberg, and Escherichica coli were used as host for phage isolation. These cultures were obtained from the College of Veterinary Medicine, University of Minnesota, and from the National Animal Disease Laboratory, Ames, Iowa. Bacteriophages were isolated from three different sources: animal fecal specimens, intestinal contents of poults infected with bluecomb, and carrier strains of Salmonella and Escherichia species.
Isolation of phages from fecal specimens and from intestinal contents. About 10 g of fecal material was suspended in 100 ml of sterile normal saline. In the case of intestinal contents, about 1 ml of this material was added to 10 ml of sterile normal saline. The methods of phage isolation and phage propagation were as described for coliphages (1) . In this study, however, a membrane filter (Millipore Corp., Bedford, Mass.), was used because it was more convenient to handle, clean, and sterilize. Tests for the presence of phages were performed by the tube method and by the plate method regardless of whether turbidity developed in the tubes. Plating was done by using the semisolid agar (0.5%) overlay method. Phage titers were expressed as plaque-forming units (PFU) per milliliter.
Isolation of phages from carrier cultures. Carrier strains of salmonellae were detected when cultures spread on plates showed spontaneous plaque formation. For isolation of phages, 50-ml bottles of nutrient broth were inoculated with the carrier cultures and incubated for 4 to 6 hr on a shaker. After incubation, the cultures (lysates) were centrifuged at 2,178 X g for 30 min to remove most of the bacterial debris.
The supernatant fluid was passed through 0.45-jum membrane filters. The filtrates were used to inoculate new bottles which were seeded with bacterial host cultures (6 to 8 hr). The lysates were again collected, centrifuged, and filtered. The filtrates were assayed for phages by plating on the mother cultures and on several other hosts.
Selection of bacterial hosts for phage propagation and phage titer potentiation. The phages isolated from fecal specimens were propagated on the same hosts used for phage isolation. For phages isolated from carrier strains, the propagating hosts were selected on the basis of (i) the highest relative efficiency of plating, (ii) the highest susceptibility to lysis, and (iii) uniformity in plaque morphology.
The phage titers were potentiated by the nutrient broth method described for coliphages (1) . In the present study, however, the multiplicity of infection (ratio of the number of phages to the number of bacteria) was always kept at 1: 1, or lower.
The bottles were incubated for 6 to 16 hr. The amounts of high-titer lysates prepared ranged between 10 and 50 ml. For purification and concentration, the lysates were first centrifuged at 2,178 X g for 30 min and the supernatant fluid was passed through 0.45-,um membrane filters. The procedure after this was the same as that described by Adams (1) .
Host range study. Phages were tested for their ability to lyse strains of S. typhimuriwn, S. typhimurium var Copenhagen, and S. heidelberg. Nutrient agar plates were dried overnight at 37 C. The plates were marked with their respective phage numbers. About 2 to 3 ml of bacterial cultures was spread on the surface of agar plates. The inoculated plates were allowed to dry for 15 to 20 min. By meansof a standard platinum loop, a drop of each phage preparation was placed on previously marked areas. The plates were allowed to dry for 30 min after which they were incubated at 37 C; they were examined after 6 and 8 hr. Readings were made by using a Quebec colony counter. The results of lytic activity were recorded as follows: no reaction(-); any number of plaques (about 5 or more) or any degree of lysis (+).
RESULTS
Thirteen phages lytic to S. typhimurium, S. typhimurium var Copenhagen, S. heidelberg, and E. coli were isolated. Table 1 shows the phages isolated, their sources, and their propagation hosts.
Hosts for propagation and for titer potentiation. The responses given by propagating hosts to carrier phages are summarized in Table 2 Results of the host range study with S. typhi- All the carrier phages showed ability to lyse a greater number of the Salmonella cultures. Phages EBP 4, 5, 6, and 8 were not active on any of the cultures. Phages EBP 1, 2, 3, and 7 were active on less than 20% of the cultures. Carrier phages were active on more than 57% of the cultures.
Results of the host range study with S. heidelberg cultures as hosts are shown in Table 4 . The range of activity varied between 15.6 and 81%. The phages which were most active on S. typhimurium and S. typhimurium var Copenhagen were also active on S. heidelberg cultures.
The results showed that eight phages produced various degrees of lysis in all three serotypes of salmonellae. During the process of lysate production, which involved routine phage titration, one phage (EBP 3) showed variation in plaque morphology, whereas all other phages subjected to similar manipulations remained uniform. Therefore, phage EBP 3 was excluded from the phages which were selected for the phage typing scheme.
Carrier phage 64 was isolated from an S. heidelberg culture and used as one of the typing phages in the typing scheme which will be described later. In all, eight phages were selected for this purpose.
DISCUSSION
The natural habitat of phages for the various microorganisms is where they are found. Phages specific for enteric organisms, especially those of E. coli, are found in the feces of various animals, including man. In this study, attempts were made to isolate phages which were lytic to a group of enteric organisms belonging to two genera, Escherichia and Salmonella. Phages active on one strain of E. coli (ZL) were readily obtainable from this source; meanwhile, even though 20 strains of S. typhimurium and S. typhimurium var copenhagen were used as hosts, phages could not be obtained as freely from this source. The fecal specimens from animals which had enteric bacterial infection are considered to be a good source of enteric bacteria phages (10) . It 56, 1936) . The carrier phages isolated in this study were lytic for more members of the serotypes to which their mother culture belonged than were the phages isolated from fecal origin ( Table 3 ). The isolation procedure for these phages was simple.
Variation in the host range of phages was reported, as was lytic activity of phages on more than one serotype of Salmonella (2, 7, 12, 13) . Phages may even cross the generic classification barriers and lyse bacteria which belong to different genera (1) . In this study, some of the phages isolated on E. coli lysed members of the genus Salmonella.
For each of the phages isolated from a carrier culture, a suitable propagating host was selected.
Only those hosts on which the phages exhibited the highest titers (expressed as PFU/ml) and on which uniform, clear plaques were produced were selected for phage propagation. Phage typing experiments and electron microscopy usually need high phage titers (about 105 to 109 PFU/ml), and unless a suitable propagating host was used such titers could not be obtained. Plaque uniformity was considered important because it minimizes the risk of contaminating the specific phage being propagated by temperate phage or other virulent phages which may be carried by the propagating host.
In this study, eight phages were selected on the basis of their host range activity, and for other desirable characteristics, to develop a phage typing scheme for three serotypes of salmonellae. The typing scheme will be described in a future paper.
